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(57) ABSTRACT 

This invention relates to a steering angle sensor Wherein the 
angle values are determined by the position of a code disk 
provided With an incremental track and a code track. So as 
to be able to express the 8-step-code-Word-de?ned precision 
by means of six-step code Words on the code track the 
six-step code Words are supplemented by 2 bit resulting 
from the momentary state of the incremental track scanned 
by tWo detectors. 

11 Claims, 1 Drawing Sheet 
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STEERING ANGLE SENSOR WITH 
EVALUATION OF THE INCREMENTAL 

TRACK FOR ABSOLUTE VALUE 
DETERMINATION 

TECHNICAL FIELD 

This invention generally relates to angle sensors and more 
particularly relates to steering angle sensors for measuring 
absolute angular de?ections. 

BACKGROUND OF THE INVENTION 

In driving stability control, it is, besides other parameters, 
necessary to knoW the instantaneous steering angle of the 
vehicle. As this steering angle depends on the rotational 
position of the steering Wheel it has become usual to 
determine the steering angle by means of the position of 
rotation of the steering Wheel of a vehicle. To this end, the 
steering Wheel is coupled With a modulator modulating a 
continuous signal indicative of the rotational position of the 
steering Wheel. This can be done by the modulation of a 
constant magnetic ?eld or, as Well, of a constant light beam. 
In the present case, a light beam is modulated by the teeth 
of a code disk. The teeth are arranged in tWo circular tracks. 
While the ?rst track as incremental track features a number 
of teeth evenly distributed over the periphery of the circle 
and scanned by tWo sensors staggered by 90 degrees (one 
tooth period=360 degrees) the so-called absolute track has a 
chain code distributed over the periphery of a circle and 
indicating the absolute value of the disk position. Details in 
this respect have already been described in connection With 
patent application 195 32 903.1 and thus are not to be 
explained in further detail. 

The background for selecting the tWo tracks mentioned is 
that it is possible to determine both the direction of rotation 
of the steering Wheel and the momentary stepWise angle 
changes in the position of the steering Wheel by means of the 
incremental track by Way of the tWo sensors. On the other 
hand, these data do not enable the determination of the initial 
angle position of the steering Wheel upon the turning-on of 
measurement such as upon the start of the vehicle since, in 
this case, it is possible to de?ne but relative changes only if 
the electric poWer supply necessary for the steering angle 
determination has been sWitched on and if, at least, a small 
change in the angle of rotation of the steering Wheel has 
taken place. 

In the abovementioned patent application a resolution of 
1.5 degrees Was suggested With regard to the absolute value 
Which corresponds to a tooth number of 60 teeth on the 
incremental track. 240 steps Were de?ned With regard to the 
step number of the absolute value code. Thus, there results 
an initialisation angle of 12 degrees With a total of three 
sensors. 

So as to be able to de?ne, at least, 240 different values on 
the absolute value track an 8-bit code is nessecary Which 
alloWs the de?nition of 256 steps at the maximum. The 
manufacture of such a big step number in a comparatively 
small code disk is only possible by selecting comparatively 
high tolerances and is thus quite difficult and expensive. 

It is an object of this invention to reduce the number of 
bits on the absolute track that are needed for the step number 
of a code. 

This object is achieved by the present invention by using 
the code track and also the momentary position of the 
incremental track, relative to the tWo sensors scanning this 
track, in order to determine the absolute value of the steering 
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2 
Wheel angle. In this Way, it is possible to obtain at least 1 bit 
of the needed 8 bit from the incremental track. Advanta 
geous further embodiments shoW that, additionally, it is even 
possible to obtain a second bit from the state of the incre 
mental track so that it is possible to cut doWn on 2 bit on the 
absolute track, the evaluation of 6 bit being suf?cient there. 
Thus, it Will be sufficient to code 60 values on the absolute 
track instead of 240 values. 

Further above, it Was already mentioned that at least 1 bit 
of coding of the absolute track can be saved by applying the 
present invention. Thence it folloWs that, With the resolution 
being the same, the number of the values exclusively deter 
minable by the absolute track is halved. 

So as to be also able to recognise the direction of rotation 
of the steering Wheel, the incremental track is scanned by 
tWo sensors. According to a preferred embodiment, it is 
expedient to de?ne the actual absolute steering angle, ie the 
absolute value determinable by means of the incremental 
track and the absolute track, by 8 bit Whereby it Will be no 
problem to express 240 different values Which corresponds 
to a resolution of 1.5 degrees. Such a resolution is quite 
suf?cient for the at present current driving stability control 
systems. This invention, hoWever, Will also be expedient in 
cases Where a higher resolution is desired. 

The present invention also alloWs the absolute value to be 
de?ned by six bits as it relates to the absolute track and to 
take the additional required 2 bit from the tWo output signals 
of the incremental sensors. As the six-digit code on the 
absolute value track is to be a chain code it is possible to get 
along With approximately 70 steps on the absolute track 
Which considerably simpli?es the manufacture of the code 
disk. 

Using a chain code puts strong restrictions on selecting 
the code values on the absolute track since, each time, six 
consecutively read bit are not to be repeated on the track. 
Further, the present invention teaches the assignment of 
stepWise changing absolute angle values to these abruptly 
changing code values. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of the track distri 
bution on a code disk. 

FIGS. 2 through 4 are the output signals of the individual 
detectors. 

FIGS. 5 through 7 are the composition of the 8-bit code 
Word from the contents of the individual tracks. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 is a code disk 1 With an inside incremental track 
2 and an outside code track 3 for representing the absolute 
value code. The tracks feature individual teeth evenly dis 
tributed over the periphery of the circle as far as the 
incremental track 2 is concerned While in the code track 3 
the availability or non-availability of a tooth represents 1 bit 
at a time of a six-step code. Thus, the sequence of teeth and 
tooth gaps, respectively, on the code track 3 alWays repre 
sents a six-step code Word, With at least 60 code Words 
resulting. The beginning of the code Words Will come on 
each time, shifted by one tooth Width, and the individual 
code Words are superimposed on one another, shifted by one 
tooth. Such a code is called a chain code. The measures for 
detecting such a chain code Where the individual code Words 
have different contents and Where, all the same, ?ve steps of 
the neW six-digit code Word have been taken over from the 
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neighbouring code Word are not to be described here and are 
not the subject matter of the present invention. 

In FIG. 1, there are to be discerned the detectors 4 through 
6. Each of the individual detectors is provided With a light 
receiver transforming the light beam, modulated by the teeth 
passing by in rotation, into electrical signals. The code track 
3 has but one sole detector 6 While the incremental track 2 
is equipped With tWo detectors staggered by 90 degrees 
relative to each other. The 90 degrees refer to the associated 
tooth frequency. 

FIGS. 2 and 3 represent the output signals of the detectors 
4 and 5 squared by pulse shapers and denominated as 
channels 1 and 2. FIG. 4 represents the output signal of 
detector 6 transformed into square signals. The output 
signals represented in FIGS. 2 through 4 are placed on top 
of each other, consistent With regard to the time scale used. 
It is to be discerned from the Figures that the moments of 
time of the ?ank change in channnels 1 and 2 each time are 
the scanning times of the code track according to FIG. 4. 
During one period of the incremental track, thus, the code 
track is scanned four times due to the tWo ?ank changes in 
each of the channels 1 and 2. 

FIGS. 5 through 7 represent the inventive principle. It is 
assumed that, on the infotrack, there starts the reading of the 
pertinent code Word With the ascending ?ank on the incre 
mental track 2. At this time (bit no. 1), value 0 is read on the 
infotrack. During the subsequent ascending ?ank of the 
incremental track 2 the infotrack, again, shoWs value 0 as bit 
no. 2. The neXt scanning time of the infotrack coincides With 
the descending ?ank of the incremental track 2, With a value 
“1” resulting as bit no. 3. During the subsequent three ?ank 
changes, on the inside track, there Will be read the values 
001 as bit nos. 4, 5, and 6. Thus, a siX-step bit Word is 
obtained. HoWever, so as to be able to de?ne the desired 240 
different angle values there actually Would be needed code 
Words featuring 8 bit. In accordance With this invention, help 
is provided in that the direction of the ?ank change on the 
tWo incremental tracks is added as information pertinent to 
the code Word, thus in total an 8-bit code Word resulting. In 
an evaluation device or means 7 of the steering angle sensor 
a table 8 (e.g., a look-up table) is provided Wherein the 
pertinent angle values are assigned to the determined code 
Words. To this end, it is, e.g., possible to add the tWo ?rst 
?ank changes of the incremental tracks, both ascending, as 
values “1”, “1” to the siX-step code of the code track in FIG. 
7. The sequence of the ?rst tWo ?ank changes, e.g., can be 
considered to indicate the pages of a table on Which pages 
there are to be read the angle values pertinent to the siX-step 
code Words from the table. Thus, different angle values Will 
result in the evaluation table for the same code depending on 
Whether the tWo pertinent ?ank changes of the incremental 
tracks 1 and 2 feature the values of 11 or 10 or 00 or 01, 
respectively. It is left to de?nition Whether the tWo leading 
?ank changes on the incremental track or de?ned subsequent 
?ank changes, such as the tWo ?ank changes appearing after 
the read code Word, are used for the denomination of the 
table pages. As a result, hoWever, it is to be stated that this 
invention enables an 8-bit-precision absolute value although 
the pertinent code Words on the infotrack only are 6-bit code 
Words. 
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What is claimed is: 
1. A steering angle sensor for determining an absolute 

angular value, comprising: 
a code disk including an absolute track having a chain 

code distributed over a periphery thereof indicative of 
absolute values of an angular position of the disk and 
at least has one incremental track having teeth evenly 
distributed over a periphery thereof for indicating a 
momentary stepWise angle change of the disk; 

means for measuring the momentary state of the incre 
mental track and the momentary value of the absolute 
track; and 

means for evaluating the code disk, momentary state of 
the incremental track and the momentary value of the 
absolute track to determine the actual steering angle 
Wherein the momentary value of the absolute track 
comprises a digital Word corresponding to the chain 
code determined over a predetermined number of step 
Wise angle changes of the incremental track, the evalu 
ating means determining digital information corre 
sponding to a direction of a ?ank change of the 
momentary state of the incremental track during one of 
said predetermined number of stepWise angle change. 

2. A steering angle sensor as claimed in claim 1, Wherein 
the incremental track is scanned by tWo sensors staggered by 
90 degrees. 

3. A steering angle sensor as claimed in claim 1, Wherein 
the precision of the absolute value is de?ned so that the same 
is unequivocally determinable by an 8-bit code. 

4. A steering angle sensor s claimed in claim 3, Wherein 
the 2 bit of the 8-bit code are determined by the tWo 
momentary output values of the tWo incremental sensors and 
6 bit are determined by the relevant chain code on the 
absolute track. 

5. A steering angel sensor as claimed in claim 1, Wherein 
the actual absolute value may adopt any of 240 different 
values so that the resolution of the absolute value is 1.5 
degrees. 

6. A steering angle sensor as claimed in claim 1, further 
including a look-up table Wherein the pertinent angle values 
are assigned to the determined code Words. 

7. A steering angle sensor as claimed in claim 1, Wherein 
the digital information comprises the direction of the ?ank 
changes of respective outputs of the tWo sensors to thereby 
de?ne a 2-bit code. 

8. A steering angle sensor claimed in claim 7, Wherein the 
digital Word comprises a 6-bit chain code, the actual steering 
angle being represented by a concatenation of the 2-bit code 
and the 6-bit chain code. 

9. A steering angle sensor as claimed in claim 1, Wherein 
the direction of the ?ank change is determined in accordance 
With the leading ?ank change from the incremental track for 
the predetermined number of stepWise angle changes. 

10. Asteering angle sensor as claimed in claim 1, Wherein 
the direction of the ?ank change is determined in accordance 
With ?ank changes subsequent to a leading change from the 
incremental track. 

11. Asteering angle sensor as claimed in claim 1, Wherein 
a loW to high ?ank change de?nes a logic one, and a high to 
a loW ?ank change de?nes a logic Zero. 

* * * * * 


